INTRODUCTION
Ornithine carbamoyltransferase [EC 2.1.3 .3] (OTC) is the second sequential enzyme in the urea cycle and located in the mitochondrial matrix of hepatocytes (Snodograss, 1981) . Congenital OCT deficiency (McKusick, #3125) is a disease showing X-linked inheritance (McKusick, 1983 ) and appears to be most common in five genetically determined urea cycle disorders in man (Walser, 1983) . Generally, the clinical pictures in affected male show rapid progress through coma to death within the first month of life. And female patients who are heterozygous are asymptomatic or have variable symptoms which may not become manifest until later infancy or until the second year of life (Shih, 1976; Walser, 1983 )I Such vari-ation in the clinical manifestations of the OCT deficiency are compatible with genetic heterogeneity and depend on residual activity. Recently, an immunochemical method has been employed for elucidating the nature of the mutant enzyme. In the present study, we used anti-human liver OCT antibody to clarify the biochemical heterogeneity of the affected enzyme in one male and three female patients with OCT deficiency, each from a different family.
CASES REPORTS
Case 1. This patient was the first male child of healthy Japanese parents. He was born after a normal pregnancy and delivery. His birth weight was 3,350 g. The first male cousin on his mother's side suffered from the same disease. At 7 days of life, the patient developed seizure, cyanosis and an apnea attack. On admission, the serum ammonia level was 400 t~g/dl. Exchange blood transfusion and repeated peritoneal dialysis were not effective and at 28 days of life the patient died. Enzyme analysis of autopsied liver tissue disclosed a deficiency of OCT and normal levels of other urea cycle enzymes. The rest of the sample was stored at -80~ until the present study.
Case 2. The patient was a female of Japanese extraction. Born after a normal pregnancy and delivery, her birth weight was 3,200 g. She was the second child of unrelated healthy parents. Her elder brother had died at 2 weeks of age with severe vomiting. She showed normal development until 2 years of age, when the first episode of intermittent vomiting was observed. Because of repeated periodic vomiting accompanying anorexia, lethargy and inappropriate behavior, the patient was admitted to hospital at 8 years of age. On admission, the serum ammonia level was 250-260 pg/dl and blood nitrogen 6 mg/dl. Serum amino acid analysis disclosed an e!evated level of glutamine 1,450 ;mol/liter (normal, 325-467 Fmol/liter), associated with normal levels of other amino acids. Urinary orotic acid was elevated to 197 pg/mg creatinine (control below 6/~g/mg creatinine). Extremely low OCT activity and normal activities of other urea cycle enzymes were found in biopsied liver tissue. At 10 years 5 months of age, the patient died coma after severe hyperammonemia lasting for 6 days. The postmortem liver sample was stored at -80~ until the present analysis.
Case 3. The patient was the first female child of unrelated healthy Japanese parents. Born after an uncomplicated pregnancy of 40 weeks, her birth weight was 3,450 g. Her elder brother, who was the first child of the family, had died in coma at 3 days of life. The patient developed normally until 2 1/2 years of age, when she developed an episode of vomiting and lethargy lasting several days. Because of repeated epidodes of one or two times per month, she was admitted to hospital at 2 years 10 months of age. Her serum ammonia level was 152 pg/dl and urinary orotic acid 227.5/~g/mg creatinine. Treatment with a protein restricted diet and oral administration of sodium benzoate (200 rag/day) resulted in normal develop-
ment associated with subnormal levels of serum ammonia and urinary orotic acid. At 5 years 6 months of age, she died in coma with severe hyperammonia after respiratory tract infection. A liver specimen obtained at autopsy was stored at -80~ until the present study. The diagnosis of OCT deficiency was made at the time of the first admission on the basis of the enzyme assay results for biopsied jejunal mucosa.
Case 4. This patient was the first child of healthy Japanese parents. She was born after a normal pregnancy and delivery. A sister and brother of her mother had died of unknown causes at around one and half years of age. The patient developed the first epidode of vomiting at 8 months of age, and from then the episodes of vomiting at 8 months of age, and from then the episodes occurred frequently. At 1 year 4 months of age she was admitted to hospital because of a severe attack of vomiting and lethargy. Until this time her development was completely normal. Her serum ammonia was 385 t~g/dl and urinary orotic acid 414 ~g/mg creatinine. Amino acid analysis disclosed elevated serum glutamine and glutamic acid levels. At 1 year 9 months of age a percutaneous liver biopsy was carried out to obtain a diagnosis. Treatment with a low protein diet and sodium benzoate appeared to be effective for controlling serum ammonia within the normal range.
METHODS
Measurement of OCT activity. The enzyme was extracted from the liver with cetylmethylammonium bromide solution and assayed by Brown and Cohen's method at pH 8.5 (Brown and Cohen 1959) . The apparent Km (Michaelis-Menten kinetics) of the enzyme was also determined, when enough enzyme activity or sample material was available. L-Ornithine hydrochloride and carbamoylphosphate were obtained from Sigma Chemical Co.
Immunochemical assay of OCT protein. Human liver OCT was purified by a modification of the method of Kalousec et al. (1978) . The detailed procedure for the enzyme purification and preparation of anti-human OCT rabbit antibody, and the specificity of the prepared antibody were reported previously (Nagata et aI., 1983) . Ouehterlony double immunodiffusion was performed on a glass slide in 1~ agarose, 20 mM potassium phosphate buffer (pH 7.0), 0.15 g NaC1 and 3 mM sodium azide. After diffusion for 1 day at room temperature the agar was washed, dried and stained with Amido Black 10B, and then destained. Radial immunodiffussion was performed in a plastic vessel in 1~ agarose, 20 mM potassium phosphate buffer (pH 7.4), 0.15 g NaC1, 3 mM sodium azide and anti-human liver OCT antiserum (50 mg/liter of immunoglobulin fraction). After diffusion for 4 days at room temperature the agar was treated as described above. The amount of enzyme protein was estimated from the diameter of the precipitin circle on radial immunodiffusion and expressed as ~ of control liver OCT. 
RESULTS
The results obtained are shown in Table 1 . OCT from the male patient (case //1) showed extremely depressed activity and no immunologically cross-reactive material (CRM) against anti-human OCT antibody. In female patients some variations were observed in the enzyme activity and also in the amount of CRM. Of them, two samples from cases #2 and //3 revealed close findings as to the enzyme activity, amounting to 9.2 and 8 . 0~ of the control, respectively. The kinetic parameters and amounts of C R M were also similar in these two samples. These Km values were identical to those of the normal control. On the other hand, in a sample obtained from case//4, a female patient, the enzyme activity was 22.5~o of the control, while the amount of C R M was 4 8 . 5~ of the control. On the double immunodiffusion plate (Fig. 1) , a precipitin band against the prepared antibody was Autopsied sample, b Biopsied sample, c Cited from previous reports (Nagata et al., 1980 (Nagata et al., , 1983 . ND: not determined. A, anti-human liver OCT antibody; P, patient liver homogenate (case #4) (protein, 100 #g); C, control liver homogenate protein (protein, 48 #g).
visible in the patient's liver homogenate sample (100 ,ug of protein) being similar to ~he result for a half amount of the control sample (48 ;g of protein).
DISCUSSION
Most studies carried out so far were attempts to clarify the heterogeneity of mutant OCT according to the kinetic characteristics (Matsuda et al., 1971; Cathelineau et al., 1974; Sinatora et al., 1975; Snodograss, 1981) . Francois et al. (1982) and Mori et al. (1980) extended studies on mutant OCT analysis by use of an immunochemical method. They prepared anti-mouse and/or bovine OCT antibodies, since the enzyme from both animals shared a common antigenicity with a human OCT. It was observed that, when these antibodies were used to determine the amount of CRM in liver tissue of affected patients, there were occasionally considerable discrepancies between the obtained results as follows; some mutant enzymes react with anti-bovine OCT antibody but not with anti-mouse OCT antibody, and on the contrary, a completely reverse situation was also observed for other mutant enzymes (Francois et al., 1982) . This observation suggests that there are some problems in assuming gene abnormalities through these studies and the use of anti-human OCT antibody is the most desirable. To our knowledge, the present study is the first attempt at using the anti-human OCT antibody for detecting the biochemical heterogeneity of mutant OCT. The first case, a male patient, showed a rapid course of the illness and extremely low enzyme activity associated with negative CRM, suggesting that the mutation caused a quantitative reduction of enzyme protein production or synthesis of a distinctly unstable enzyme. It was shown by histochemical techniques that female individuals, heterozygous for OCT deficiency, had two different populations of hepatocytes with apparently normal or no OCT activity (Ricciuti et al., 1976) . Once an X-chromosome is inactivated during embriogenesis, it rarely, if ever, becomes functionally activated in daughter somatic cells, as suggested by Lyon (1961) . This mechanism resulted in clusters of normal and abnormal cells in heterozygotes for X-linked disorders. The second and third cases, female patients had OCT activities amounting to 9.2 and 8.0~o of the control which well corresponded to the amounts of enzyme protein, 10~ each, determined by the radial immunodiffusion method. Both Km values for ornithine and for carbamoylphosphate were similar to those in controls in these cases. This observation may indicate that the residual enzymes in these patients are coded by the normal gene for OCT. In other words, approximately 90~ of the X-chromosome carrying the normal gene for OCT might be inactivated in the liver tissue. Similar to in the first case, the mutant gene possibly caused production of a CRM negative enzyme. The fourth case, a female patient, showed approximately 22.5~o of the enzyme activity and 48.5~o of the enzyme protein of the control. This may indicate that the patient's liver contained a mixture of normal and mutant OCT, and the latter had no or only extremely low activity but some amount of immuno-reactive material. Thus, it is likely that the mutant enzyme in this patient is coded by a structural gone mutation, although further confirmation could not be made because of the limited sample. Mori et al. (1980) reported that OCT from autopsied liver of a female patient showed normal amounts of CRM and 9~o of the enzyme activity. They separated OCT into two immunoreactive peaks by isoelectric focusing, of which the minor peak was enzymatically active while the major peak showed little or no activity (Mori etal., 1980) . Similar to us, they assumed that a structural gone mutation of the X-chromosome may code the mutant OCT in the patient. Further study using cDNA of OCT, as was cloned by Horwich et al. (1983) , will give us more detailed information on the mutant gone structure.
